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Description 

The present invention relates to a nnetliod for separation of certain syntlietic water soluble polymers by 
a filtration process into two solutions, one of wliicli is recirculated for re-polymerisation. The invention also 
5 relates to a plant comprising a polymerization reactor and a unit for separation of produced synthetic water 
soluble polymers. 

Natural polymers such as proteins, latex of natural rubber, cellulose etc often have very well defined 
molecular weights. In contrast to this synthetic polymers usually have a broad molecular weight distribution 
and in many cases only the fractions containing polymer of high molecular weight have the for the Intended 
10 use desired favourable properties. It is not always possible to control polymer synthesis with available 
technology in order to obtain only the desired high molecular weight fractions. In addition to undesired low 
molecular weight polymer and byproducts, unreacted monomers are also often present In the synthesized 
resins. 

The present invention offers a method for separation of synthetic water soluble polymers from the 
75 group urea-formaldehyde resins, melamine-formaldehyde resins and polyamidoamine-epichlorohydrin res- 
ins, to obtain the desired high molecular weight fractions with advantageous properties and the method 
further includes recirculation of the low molecular weight fraction to a polymerization step. 

The molecular weight of synthetic polymers depends on several variables such as monomers, type of 
polymer reaction, reaction time and temperature etc. For polymers in solution the molecular weight 
20 distribution nearly always has the form of a curve. The curve will of course vary from polymer to polymer 
and may have one or more peaks. It has, for example, been found that water soluble urea-formaldehyde 
resins have a molecular weight distribution with two clearly defined and specific peaks. According to the 
present method the desired high molecular weight fraction of such a resin can be separated from the 
undesired ones which can be re-used. 
25 The method of the present invention using ultrafiltration is applicable to separation of desired high 
molecular weight fractions of synthetic water soluble polymers from the group urea-formaldehyde resins, 
melamine-formaldehyde resins and polyamidoamine-epichlorohydrin resin, which resins are used in paper 
production. 

Ultrafiltration as a method for concentrating, purifying and fractionating various biological macro- 
30 molecular materials and other macromolecular materials is known from US-A-3565256 which relates to an 
ultrafiltration cell. 

Water soluble resins used in paper production are for example urea-formaldehyde resins, melamine- 
formaldehyde resins and polyamidoamine-epichlorohydrin resins. These resins are used as wet strength 
agents for paper and it has been found that the effect on the wet strength is obtained only by the high 

35 molecular weight fraction. The low molecular weight fraction is not retained in the paper, but circulated in 
the closed white water system. For formaldehyde based resins the high temperature of the water results in 
hydrolysis of this low molecular weight fraction and release of free formaldehyde which may cause 
environmental problems. Polyamidoamine-epichlorohydrin resins have a higher molecular weight than the 
formaldehyde based resins and the low molecular weight fraction of this resin also has a lower effect on the 

40 wet strength. Further, these resins contain monomeric chlorinated byproducts which also may cause 
environmental problems. 

When the above described resins are treated according to the method of the invention solutions of high 
molecular weight polymers are obtained which give a very good wet strength effect and which also give a 
considerable reduction of formaldehyde and other non-desired compounds in the water and air at paper 
45 mills. 

Since urea-formaldehyde resins are the predominant wet strength resins and also those which tend to 
cause the severest environmental problems their upgrading according to the invention is of particular 
importance and these resins Will thus be discussed more in detail. As stated above, free formaldehyde is 
released from urea-formaldehyde resins at paper production due to hydrolysis. Further, the utilized original 

50 resins always contain free formaldehyde as well and this is accumulated and circulated in the white water 
system. Since alt concentrated solutions obtained by the separation according to the invention are more 
effective, compared with the original resin, the added amount required for a certain wet strength effect is 
thus considerably reduced. The content of unreacted monomers, for example formaldehyde, and low 
molecular weight byproducts is also lower in a concentrate solution than in the original resin which leads to 

55 a double reduction of unwanted products in the white water system. As an example it can be mentioned 
that an original urea-formaldehyde resin may contain 7% free formaldehyde, based on the dry weight of the 
resin, and a concentrate solution of the same urea-formaldehyde resin obtained according to the present 
method will contain only about 4%. Normally added amounts of urea-formaldehyde resins during paper 
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production are 10 to 20 kg per ton paper. Using a concentrate of the invention the same wet strength effect 
is obtained with only 6 to 12 kg dry weight resin. This means that "added" free formaldehyde is reduced 
from 0.7 to 1.4 kg to 0.24 to 0.48 kg, ie a reduction with 60 to 70%. This reduction is further increased by 
the fact that the concentrate contains much less of easily hydrolyzed low molecular weight resin. Likewise, 

5 for anionic bisulphite modified urea-formaldehyde resins which, as has been found, contain nearly half of 
the sulphur amount in monomeric products with formaldehyde can be treated according to the present 
method to remove these products which, besides not having any wet strength effect, are detrimental to the 
2-potential of the stock. Use of the present method for separation of the desired high molecular weight 
fraction of urea-formaldehyde, and melamine-formaldehyde resins, thus not only leads to an effective wet 

10 strength resin product but also to such a product which is advantageous from an environmental and 
occupational point of view. 

The method of the invention further comprises recirculation of the at the separation obtained solution of 
low molecular weight compounds for re-polymerization. This recirculation for re-polymerization is preferably 
carried out after an upgrading step. The invention thus offers a technically and commercially advantageous 

75 method of producing desirable high molecular weight fractions of water soluble synthetic polymers while at 
the same time providing for re-use of the low molecular weight fraction. 

According to the present invention it is provided a method for separation and re-use of synthetic water 
soluble resins by ultrafiltration, characterized in that an aqueous solution of a water soluble synthetic resin 
selected from the group urea-formaldehyde resins, melamine-formaldehyde resins and polyamidoamine- 

20 epichlorohydrin resins is charged to an ultrafiltration membrane unit in which the solution is separated into 
two solutions, a concentrate which mainly comprises the polymer molecules with high molecular weight, 
and a permeate, which comprises polymer molecules with low molecular weight, monomers and by- 
products, said permeate subsequently being recirculated to a polymerization step for repeated polymeriza- 
tion. 

25 In the ultrafiltration unit membranes with a suitable cut-off for retention of the desired high molecular 
weight fractions are used and these will of course vary with the specific polymer and the desired fractions. 
Suitable types of membranes are for example polysulphones, cellulose acetates, polyamides, vinyl chloride- 
acrylonitrile copolymers and poly(vinylidene fluoride) membranes. The membrane units may for example 
have the form of plate-and-frame modules, but other types of membrane units can of course also be used. 

30 The membranes are suitably subjected to a pre-treatment with a diluted solution of the actual resin to be 
separated prior to the separation which helps in forming a secondary membrane layer. For urea- 
formaldehyde resins the desired high molecular weight fraction is in the range of 2000 to 4000 and the 
separation is thus carried out to give essentially this fraction as the membrane-retained component, ie as 
the concentrate or retentate. As a guide it can be mentioned that for this separation membranes of the 

35 above mentioned type with cut-offs of 20000 to 200000 are suitably used. For other resins membranes with 
cut-offs in the range of 200000 to 400000 can generally be used. 

The dry content of the feed solution to the ultrafiltration unit should usually be in the range of from 8 to 
25 per cent by weight. The process is generally operated at pressures of about 1.0 to 15 bar and the flux 
through the membranes is increased by increased temperature. Care must however be taken that the 

40 chosen temperature is not harmful to the resin or the membrane. For membranes of the mentioned type 
and separation of for example urea-formaldehyde, melamine-formaldehyde and polyaminopolyamide-epich- 
lorohydrin resins temperatures within the range of 30 to 45 "C are suitably used. 

The filtration can advantageously be carried out in such a way that the concentrate from the membrane 
unit is recirculated to the same via a feed tank and made to pass the membrane unit a number of times 

45 until the desired degree of concentration is obtained. Alternatively, the concentrate can of course be 
subjected to treatment in several membrane units in series. 

The aqueous solution containing polymer of lower molecular weight, the filtrate or permeate, obtained 
from the ultrafiltration unit, which in the following will be termed the UF-permeate. is brought back to the 
polymerization reactor for the original resin for re-polymerization to give an economic process without loss 

50 of material. 

The separation in the ultra-filtration unit is suit-ably such that at least 5 per cent by weight of the 
original dry resin content, ie higher and lower molecular weight polymer fractions, is separated off in the 
permeate solu-tion. Depending on the amount of material separated off in the permeate solution and the 
amount of water associated with this an upgrading step for the UF-permeate can be included before the 
55 recirculation to the polymerization reactor. If the amount is small, between about from 5 to 10 per cent by 
weight, the UF-permeate can be directly transferred for re-polymerization. Otherwise, an upgrading of the 
UF-permeate is suitably carri d out in order not to disrupt the water balance in the polymerization- 
separation system too much and also to avoid building up unacceptable amounts of unwanted products in 
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this system. 

According to a preferred embodiment of the present invention the UF-permeate solution is thus 
upgraded to remove at least part of the water from the solution of polymer material before Its recirculation 
to polymerization. This upgrading can for example be carried out by evaporation or socalled reverse 
6 osmosis membrane filtration. The upgrading is preferably carried out by reverse osmosis as this process is 
comparatively cheap and advantageous with regard to the low thermal load on the polymer material in the 
UF-permeate. The reverse osmosis process is also advantageous with regard to the separation of unreacted 
monomers and byproducts, such as for example formaldehyde, which Is obtained hereby. The concentrated 
UF-permeate obtained by reverse osmosis is utilized in synthesis of the resin, ie recirculated for re- 

10 polymerization, while the solution which has passed the membranes In the reverse osmosis unit, the reverse 
osmosis permeate which hereinafter will be termed the RO-permeate, can be transferred to a feed tank and 
at least part of It can then be used as dilution liquid during actual resin synthesis. 

The treatment of the UF-permeate In a reverse osmosis membrane unit is carried out to remove part of 
the water contained therein and suitably to give a solution having a dry content of at least 25 per cent by 

15 weight. Suitable temperatures at the reverse osmosis are from about 30 to 50*0 and the pressure Is 
suitably from about 20 to 60 bar. The membranes in the reverse osmosis unit may suitably consist of 
composite film material or polybenzimldazolone or cellulose acetate. 

When the present method is used for formaldehyde based resins it is possible, and advantageous, to 
add a formaldehyde binding agent to the feed to the ultrafiltration step. This addition Is made In order to 

20 further reduce the formaldehyde content In the final product. It is also advantageous to add a formaldehyde 
binding agent to the UF-permeate In order to bind more formaldehyde to the RO-concentrate product. In 
this manner the total load of free fornrialdehyde, in the products and the process. Is further reduced. 
Preferably the formaldehyde binding agent is urea which forms dimethylolureas with the formaldehyde. 
The present invention also relates to a plant com-prising a polymerization reactor, a first membrane unit 

25 for fractionation and purification of water soluble synthetic resins and which preferably also comprises a 
second membrane unit for upgrading of the permeate from the separation whereby the permeate outlet of 
the first membrane unit Is connected to the second membrane unit via a feed tank. 

A plant comprising two separation units and incorporated within a plant for polymer synthesis according 
to the preferred embodiment of the invention will be described In detail below With reference to the 

30 attached drawing showing a schematic flow chart of such a plant. 

The plant comprises a reactor 1 for synthesis of the water soluble polymer. The reactor is connected to 
a feed tank 2. From the feed tank 2 pipes 3 and 4 lead to an ultrafiltration unit 5. From the concentrate side, 
indicated by C, of the unit the high molecular weight fraction can be removed or the concentrate can via 
pipe 6 be returned to the feed tank 2 for subsequent further ultrafiltration. The permeate side, indicated by 

35 P, of the ultrafiltration unit Is connected to a second feed tank 7 which in turn is connected by way of pipes 
8 and 9 to the second membrane unit, the reverse osmosis unit 10. The permeate side of the reverse 
osmosis unit can be connected to feed tank 2 via pipe 12a and to a waste water treatment plant via pipe 
12b while the concentrate side of the unit is connected to feed tank 7 by pipe 11 and connected to reactor 

1 by valve 15 and pipe 16. From feed tank 2 high molecular weight product is obtained by pipe 3. valve 13 
40 and pipe 14. Raw material for the resin synthesis is charged to reactor 1 via pipe 17. The actual synthesis 

of water soluble synthetic resins is a batch process but except for the polymerization the plant can be run 
continuously. Storage tanks which might be necessary, for example connected to pipes 6 and 12 and 
between unit 5 and tank 7, have not been shown in the drawing. 

According to the drawing the plant is arranged to work in the following way, but other ways are also 
45 possible as disclosed earlier. The synthetic water soluble resin with a broad molecular weight distribution Is 
produced In reactor 1 and brought to feed tank 2. In feed tank 2 water is added. The solution from feed tank 

2 is passed to the ultrafiltration unit 5. where It Is separated into two solution. The permeate solution 
comprising water, low molecular weight polymer, unreacted monomers and byproducts, passes the 
membrane and is in the drawing led to the second feed tank 7. At low separation degrees this permeate 

50 solution could be led directly to the reactor. The main part of the solution remains on the Inlet side, the 
concentrate side, of the membrane. To Increase the concentration of this solution it can be led back to the 
feed tanks and by means of a pump, not shown in the drawing, once again forced to flow along the 
membrane surfaces In the ultrafiltration unit. When the solution has been treated In this way during a certain 
time, the product, the concentrated solution of desired high molecular weight polymer, Is taken out from the 

55 feed tank by way of pipes 3 and 14. 

The permeate obtained from the ultrafiltration membrane unit which Is collected in the second feed tank 
7 Is brought to a second membrane unit 10 and concentrated by reverse osmosis. The concentrate of the 
UF-permeate is recirculated for a certain time and made to flow along the membranes In the unit to make 
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the desired amount of water pass these. The final concentrate from the reverse osmosis unit is then 
returned to the reactor via pipes 8 and 15 and used as raw material for new production of resin. The 
solution which passes the membranes in the second membrane unit consists mainly of water and part of it 
can be reused in the polymerization step. 
6 The invention is further illustrated in the following examples which, however, are not intended to limit 

the same. Parts and per cent relate to parts by weight and per cent by weight respectively, unless 
otherwise stated. 

Example 1 

70 

Water soluble cationic urea-formaldehyde resin was diluted with water until the concentration of the 
solution was 23% dry weight. 55.2 kg of this solution was concentrated on an ultrafiltration plant with 
membranes of the type UF-PS-20, i.e. membranes of polysulphone. The solution was made to pass the 
ultrafilters until a solution with a concentration of 37.9% was obtained. The amount of concentrated solution 

75 was 26.2 kg. 27.6 kg permeate, solution which had passed the membranes, with a dry weight content of 
10% was collected. 2.64 kg dry weight resin had thus been separated from the original amount of 12.6 kg. 
The inlet pressure was 10 bar, the temperature 40 *C and the filtration was performed during 3 hours. 

The amount of free formaldehyde in the original product was 6.85% based on dry weight resin i.e. 0.87 
kg in the 55.2 kg solution. The free amount of formaldehyde in the concentrate was 4.1% on dry weight 

20 resin i.e. 0.41 kg and in the permeate 19.1% based on dry weight i.e. 0.53 kg. The difference between 
totally found amount of formaldehyde 0.94 kg and the added amount of 0.87 kg can be explained by a 
slight hydrolysis of the resin during the filtration. 

Example 2 

25 

Water soluble cationic urea-formaldehyde resin was diluted with water until the concentration of 8.1% 
dry weight. 68.8 kg of this solution was concentrated on an ultrafiltration plant with membranes of 
polysulphone. The solution was made to pass the ultrafilters until a solution with a concentration of 20.4% 
was achieved. The amount of concentrated solution obtained was 20.6 kg i.e. 4.2 kg dry resin. 48.2 kg 

30 permeate solution which had passed the membranes with a dry content of 2.8%, 1.35 kg dry weight, had 
thus been separated from the original amount of 5.6 kg. The inlet pressure was 10 bar the temperature 
40 • C and the filtration was performed during 1 .5 hours. 

The total added amount of free formaldehyde was 0.390 kg of which 0.230 kg was found in the 
concentrate and 0.171 kg was found in the permeate. Based on dry weight resin the concentrate contained 

35 5.47% free formaldehyde and the permeate 12.7% compared with the content of 6.9% in the original 
product. 

Example 3 

40 Example 2 was repeated with 83.0 kg resin solution with 8.9% dry weight. After 2 hours at 40*C, 10 bar 
pressure, 24.2 kg concentrate with the dry content of 23.4% and 58.8 kg permeate with dry content 2.95% 
were achieved. 0.510 kg free formaldehyde was added and 0.280 kg was found in the concentrate and 
0.241 kg was found in the permeate. Based on dry weight resin the concentrate contained 4.9% free 
formaldehyde and the permeate 13.9% compared with the content of 6.9% in the original product. 

45 

Example 4 

Concentrated resins from example 1 were tested as wet strength agents on a pilot paper machine. The 
pulp consisted of 50% bleached softwood and 50% hardwood with 24 • SR. pH was 4.5. 

60 
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70 



Results: 


Product 


Added Amount % 


Wet strength breaking length knn 


Wet Strength % 


Original 


0.5 


0.93 


13.7 




1.0 


1.22 


16.9 




1.5 


1.41 


18.6 




3.0 


1.63 


19.7 


Concentrate 


0.5 


1.06 


15.4 




1.0 


1.41 


18.8 




1.5 


1.65 


21.7 




3.0 


1.82 


22.0 



75 



Example 5 
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55.8 kg of a permeate solution, being a mixture of permeates obtained after several repetitions of 
Example 1, with a dry content of 8.8%, i.e. 4.92 kg was charged to a filtration unit for reverse osmosis. Thin 
film composite membranes were used. The process was carried out during 2 hours at 40 bar and 40 'C. 
20.8 kg RO-concentrate with a dry content of 23.0% i.e. 4.78 kg dry resin and 35 kg RO-permeate with a 
dry content of 0.2%. i.e. 0,07 kg were collected. 

Total added amount of free formaldehyde was 0.930 kg of which 0.413 kg was found in the RO- 
concentrate and 0.532 kg was found in the RO-permeate. 

Synthesis of a urea-formaldehyde resin was performed where the RO-concentrate was one of the raw 
materials. Extra urea and formaldehyde and other ingredients were added according to standard recipie. 
The amount of RO-concentrate was 20% dry weight of the total dry weight added. 

The product achieved had standard properties and gave good wet strength results. 

Example 6 

61.6 kg of a permeate solution, with a dry content of 8.6% I.e. 5.3 kg dry weight was added to a RO- 
filtration unit. Thin film composite membranes were used. The process was carried out during 2.5 hrs at 40 
bar and 40 * C. 

19.0 kg RO-concentrate with a dry content of 25% i.e. 4.8 kg dry resin and 42.6 kg RO-permeate with a 
dry content of 1.17% i.e. 0.5 kg were achieved. 

This RO-concentrate was used as raw material for new synthesis. Some 24% of the total added amount 
of chemicals for the new systhesis was contributed from the RO-concentrate. The new resin had standard 
properites and gave good wet strength results. 

Example 7 



45 



50 



37.1 kg of a solution of an anionic urea-formaldehyde resin containing sulphur molecules at a dry 
weight of 21% i.e. 7.8 kg was run through an ultrafiltration plant. After 4 hrs at 10 bar and a temperature of 
40'C, 22.8 kg of a concentrated solution with 29.4% dry weight, i.e. 6.70 kg and 14.3 kg permeate with a 
dry content of 7.6% were collected i.e. 1.1 kg dry weight. 

Some 30% of the added sulphur groups were parts of unwanted monomeric byproducts with a negative 
impact on the final wet strength effect of the resin. 

The total added amount of monomers containing sulphur was 0.122 kg. The concentrate contained 0.06 
kg and the permeate 0.062 kg of monomers containing sulphur. Based on dry weight resin the original 
product contained 1.56%, the concentrate 0.89% and the permeate 5.6%. 

These products were also tested for formaldehyde emission from cellulose fibres according to a 
standard procedure. 
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Sample 


Ennission of formaldehyde in 
ug/mg dry product 


original product 
concentrate 


92 
61 



Example 8 

The relation between added amount of free formaldehyde to the stock together with urea formaldehyde 
resin and amount of formaldehyde emitted in the drying air at a paper machine was tested on a pilot 
machine. 

The white water system was very closed and the test was performed at status quo. 



Added amount 
w.s. agent % 


Added amount of free CH2O 
to the stock mg/min 


Found amount of CH2O 
in the air ppm 


1.6 


21 


0.49 


2.0 


55 


0.61 


2.4 


68 


0.96 


2.5 


93 


1.24 


3.0 


135 


1.34 



25 The same urea-formaldehyde resin but with different contents of free formaldehyde was tested. A contained 
7.14% free formaldehyde based on dry weight resin and product B contained 2.25% free formaldehyde 
based on dry weight. 



Product 


Added amount % dry weight 


Added amount free 


Found amount of formaldehyde 






formaldehyde mg/min 












in the white water ppm 


in the air ppm 


A 


2.44 


55.8 


43 


1.08 


B 


2.50 


17.5 


15 


0.41 



Claims 

40 1. A method for separation and re-use of synthetic water soluble resins by ultrafiltration, characterized in 
that an aqueous solution of a water soluble synthetic resin selected from the group urea-formaldehyde 
resins, melamineformaldehyde resins and poiyamidoamine-epichlorohydrin resins is charged to an 
ultrafiltration membrane unit in which the solution is separated into two solutions, a concentrate which 
mainly comprises the polymer molecules with high molecular weight, and a permeate, which comprises 

45 polymer molecules with low molecular weight, monomers and by-products, said permeate subsequently 
being recirculated to a polymerization step for repeated polymerization. 

2. A method according to claim 1, characterized in that the concentrate from the ultrafiltration unit is 
recirculated to the same via a feed tank and made to pass the unit a number of times until a desired 

60 degree of concentration is obtained. 

3. A method according to claim 1 or 2, characterized in that the permeate is upgraded before recircula- 
tion. 

55 4. A method according to claim 3, characterized in that the permeate is subjected to reverse osmosis and 
the concentrated solution obtained after the reverse osmosis is recirculated to a polymerization step. 
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5. A method according to any of the preceding claims, characterized in that the synthetic water soluble 
resin is a formaldehyde based resin. 

6. A method according to claim 5, characterized in that the resin is urea-formaldehyde resin. 

7. A method according to claim 5 or 6, characterized In that a formaldehyde binding agent is added to the 
aqueous solution charged to the ultrafiltration membrane unit. 

8. A method according to claim 5, 6 or 7, characterized in that a formaldehyde binding agent is added to 
the permeate which is subjected to reverse osmosis. 

9. A plant for separation and production of synthetic water soluble resins, characterized in that it 
comprises a polymerization reactor (1) and an ultrafiltration membrane unit (5) whereby the permeate 
outlet of the ultrafiltration unit is connected with the polymerization reactor. 

10. A plant according to claim 9. characterized in that it further comprises a reverse osmosis membrane 
unit (10), whereby the permeate outlet of the ultrafiltration unit is connected to the reverse osmosis unit 
and the permeate outlet of the latter is connected with the polymerization reactor. 

PatentansprUche 

1. Verfahren zur Trennung und Wiederverwendung von synthetischen, wasserloslichen Harzen durch 
Ultrafiltration, dadurch gekennzeichnet, dafl eine waSrige Losung eines wasserloslichen synthetischen 
Harzes, das aus der Gruppe Harnstoff-Formaldehyd-Harze, Melamin-Formaldeyhd-Harze und Poly- 
amidoamin-Epichlorhydrin-Harze ausgewahit ist. einer Ultrafiltrationsmembraneinheit zugefuhrt wird, bei 
der die Losung in zwei Losungen getrennt wird, namlich ein Konzentrat, das vorwiegend die Polymer- 
molekule mit hohem Molekulargewicht umfaBt, und ein Permeat, das PolymermolekQIe mit niedrigem 
Molekulargewicht, Monomere und Nebenprodukte umfaflt, wobei das Permeat anschlieSend in eine 
Polymerisationsstufe zur erneuten Polymerisation ruckgefuhrt wird. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daS das Konzentrat aus der Ultrafiltrationseinheit 
uber einen Einspeisebehalter in diese Einheit zuruckgefuhrt wird und dazu veranlaBt wird, mehrmals 
die Einheit zu passieren, bis ein gewunschter Konzentrationsgrad erzielt worden ist. 

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB das Permeat vor der Ruckfuhrung 
einer Qualitatsverbesserung unterzogen wird. 

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daS das Permeat einer Umkehrosmose unterzo- 
gen wird und die nach der Umkehrosmose erhaltene konzentrierte Losung in eine Polymerisationsstufe 
ruckgefuhrt wird. 

5. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, das es sich beim 
synthetischen wasserloslichen Harz urn ein Harz auf Formaldehydbasis handelt. 

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, das es sich bei dem Harz um ein Harnstoff- 
Formaldehyd-Harz handelt. 

7. Verfahren nach Anspruch 5 oder 6, dadurch gekennzeichnet. das ein Formaldehyd-Bindungsmittel der 
in der Ultrafiltrations-Membraneinheit vorgelegten waSrigen Losung zugesetzt wird. 

8. Verfahren nach Anspruch 5. 6 oder 7, dadurch gekennzeichnet, das ein Formaldehyd-Bindungsmittel 
dem Permeat, das der Umkehrosmose unterworfen wird, zugesetzt wird. 

9. Aniage zur Trennung und Herstellung von synthetischen, wasserloslichen Harzen, dadurch gekenn- 
zeichnet, das sie einen Polymerisationsreaktor (1) und eine Ultrafiltrations-Membraneinheit (5) umfafit, 
wobei der PermeatauslaB der Ultrafiltrationseinheit mit dem Polymerisationsreaktor verbunden ist. 
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10. Aniage nach Anspruch 9, dadurch gekennzeichnet. dafi sie zusatzlich eine Umkehrosmose-Membran- 
einheit (10) umfafit, wobei der Permeatauslafi der Ultrafiltrationseinheit mit der Umkehrosmose-Einheit 
verbunden ist und der Permeatauslafi dieser Einheit mit dem Polymerisationsreaktor verbunden ist. 

5 Revendications 

1. Methods de separation et de reutilisation de r^sines synth^tiques liydrosolubles par ultrafiltration, 
caract^risee en ce que I'on introduit une solution aqueuse d'une resine synthetique hydrosoluble 
choisie parmi les membres du groupe constitu^ par les resines uree-formald^hyde, melamine- 

10 formaldehyde et polyamidoamine-epichtorhydrine. dans une unite de membrane d*ultrafiltration dans 
laquelle la solution est separee en deux solutions, une solution concentree contenant principalement 
des molecules de polym^re de haut poids moleculaire, et un permeat contenant des molecules de 
polym^re de bas poids moleculaire, des monomeres et des sous-produits, ledit permeat ^tant ensuite 
recycle vers une etape de polymerisation pour etre de nouveau polymerise. 

15 

2. Methods conforms k la revendication 1, caracterisee en ce que le concentre provenant de Tunite 
d'ultraf titration est recycle vers cette meme unite via un reservoir d'approvlsionnement et traverse 
Tunite piusieurs fois jusqu'ii ce qu'un certain degre de concentration soit atteint. 

20 3. Methods conforms aux revendications 1 ou 2, caracterisee en ce que le permeat est concentre avant le 
recyclage. 

4. Methode conforme k la revendication 3, caracterisee en ce que Is psrmeat est soumis a une osmose 
inverse et que la solution concentree obtenue apres osmose invsrss sst recycles vers uns etaps ds 

25 polymerisation. 

5. Methods conforms k une dss revendications precedentes, caracterisee en ce que la resine synthetique 
hydrosoluble est uns resins a base de formaldehyde. 

30 6. Methode conforme k la revendication 5, caracterisee en ce que la resine est une resine uree- 
formaldehyde. 

7. Methode conforme aux revendications 5 ou 6. caracterisee en ce qu'un agent fixateur de formaldehyde 
est ajoute a la solution aqueuse introduite dans I'unite de membrane d'ultrarlltration. 

35 

8. Methods conforms aux revendications 5, 6 ou 7, caracterisee en ce qu'un agent fixateur de formaldehy- 
de est ajoute au permeat soumis k Tosmose inverse. 

9. Installation pour la separation et la production de resines synthetiques hydrosolubles, caracterisee en 
40 ce qu'elle comprsnd un reactsur de polymerisation (1) et une unite de membrane d'ultraf titration (5) et 

dans laquelle le permeat sortant de Tunite d'ultrafiltration est connecte avec le reacteur de polymerisa- 
tion. 

10. Installation conforme k la rsvsndication 9, caracterises sn cs qu'ells comprsnd sn outre une unite de 
45 membrane d'osmose inverse (10) et en ce que le permeat sortant de Tunite d'ultraflltration est 

connecte avec Tunite d'osmose inverse et le permeat sortant de cette derniere est connecte avec le 
reacteur de polymerisation. 
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